Incidence and risk factors of acute otitis media in children  by Baraibar, Román
Incidence and risk factors of acute otitis media 
in children 
Romhn Baraibar 
Department of Pediatrics, Institut Universitari Dexeus, Barcelona, Spain 
Acute otitis media (AOM) is the most common disease requiring antibiotic treatment in young children. This article 
reviews the incidence of AOM in different age groups of controlled populations, its incidence in  pediatricians, consulting 
rooms and emergency services and the main circumstances that usually complicate the diagnosis (circumstances of 
examination, methods and devices used and pediatric skills). Host and environmental factors related to  otitis- prone 
children are revisited. Sex predominance (males), ethnicity, birth order (second-born or siblings), early occurrence of 
infection (when earlier, worse), and sibling history of severe or recurrent ear infections are host factors related to 
recurrent otitis. Season (inconclusive), socio-economic status (inconclusive) smoke and air pollutants (clearly related), 
breast-feeding (clearly related, especially when prolonged) and type of day care (the greatest incidence in  children in  
large day-care groups versus home-cared) are environmental factors related to  recurrent otitis. 
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Acute otitis media (AOM) is a paradoxical entity. It 
seems to be-along with upper viral respiratory tract 
infections-the most common disease of infancy; 
therefore, extrahospital pediatricians have to confront it 
everyday. Nevertheless, their diagnosis can be difficult, 
especially in infants; AOM is not always symptomatic, 
and the diagnostic methods and devices that the 
pediatrician can rely on are scarce. At the same time, 
since it has a high rate of spontaneous healing, it can 
easily go unnoticed and the number of cases can remain 
underestimated. Its different etiology (viral, bacterial 
or both combined) produces an irregular response to 
antimicrobial treatment; this fact sometimes makes 
it difficult to determine whether we are dealing with 
a new episode of infection or whether it is the 
same still unresolved (most of all in infants who pre- 
sent continuous infections of the adenoids, pharynx, 
tonsils or upper respiratory tract). Proper differentiation 
between the acute infectious process and the residual 
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aseptic middle ear effusion may be difficult and this may 
contribute to worsening the problem. Taking the above 
mentioned points into account, it becomes clear that 
there are many factors which can influence the validity 
of the methods on collecting and evaluating AOM 
epidemiologic data, and that such factors-which will 
now be discussed-might significantly modify the 
values concerning its incidence. 
CIRCUMSTANCES OF EXAMINATION, METHODS OF 
DIAGNOSIS AND PHYSICIAN'S SKILLS 
AOM is mainly a disease diagnosed by pediatricians. 
Less frequently, the ear, nose and throat specialists are 
the ones to make the diagnosis, and their work often 
consists of no more than evaluating the most difficult 
cases, those unresolved with the initial antibiotic 
treatment, or prior to surgery in recurrent or com- 
plicated otitis media. As it is the most frequent 
children's disease among those needing antibiotic treat- 
ment [l], average pediatricians can meet many diffi- 
culties when trying to make an accurate diagnosis. At 
present, and according to Klein [2], teaching otoscopic 
skills is limited to sequential observations by student 
and teacher using a double-headed teaching otoscope 
or examination in the operating room before myrin- 
gotomy. These practical activities are out of reach of the 
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vast majority of pediatricians, who must learn either 
through other indirect visual systems, or with the help 
of theoretical explanations. All of the above mentioned 
points may cause the variations between observers’ 
points of view to become too wide for their obser- 
vations to be reliable. Since AOM is particularly 
frequent in children under 2 years of age, and it is 
extremely unlikely that a child of this age could indicate 
clearly and verbally to the parents that an earache is 
present [3] (when less than two thirds of AOM cause 
pain and some of them, especially in infants, can even 
be totally asymptomatic) [4], the pediatrician must 
search for non-specific symptoms such as ear tugging, 
restlessness during sleep, diminished appetite, irrit- 
ability or fussiness, symptoms of common cold or 
adenoiditis and fever. When the child (or infant) finds 
himself in the physician’s consulting room, he is usually 
crying, irritable and uncooperative, making the oto- 
scopic examination difficult. Cerumen may, partially or 
totally, occlude the ear canal and the pediatrician may 
have no way of extracting it. Although tympanometry 
and acoustic reflectometry, which may help in 
establishing the diagnosis, are increasingly used, they 
are seldom available. 
CHARACTERISTICS OF THE POPULATION STUDIED 
AND THE RESEARCH DESIGN 
Epidemiological studies on AOM require large and 
homogenous populations, and competent physicians, 
for collecting the data. These physicians should be 
capable of attending to the population permanently (or, 
at least, to record the few episodes that they cannot 
personally visit), so they can gather all of the data 
together. The study should last long enough to ensure 
the inclusion of children born in each month of the 
year to avoid the bias of the season. They should have 
well-established definitions and AOM diagnostic 
criteria, as well as information about characteristics 
potentially related to risk of middle ear disease in order 
to obtain complete demographic information. The data 
should be recorded on suitable forms to be subsequently 
evaluated with adequate statistical methods. 
The inadequacy of the retrospective series based on 
questioning about the previous clinical events has been 
well demonstrated by Daly [5]. There are few studies 
which fulfill completely and adequately the above 
mentioned requirements and, even today, the one 
directed by Teele and Klein [6] continues to be one of 
outstanding epidemiologic value. It is possible, how- 
ever, that some of their findings might not be easy to 
extrapolate to other populations geographically far 
apart from each other, to those with ethnic or racial 
differences, or to those receiving different kinds of 
children’s care. In this review we have included data 
from some other studies, even though their method- 
ology was not optimal. 
INCIDENCE AT THE PEDIATRICIAN’S CONSULTING 
ROOM 
In the opinion of many authors [2,6-91, AOM is the 
most frequent diagnosis in pediatric consulting rooms, 
and an increasing reason for consultation in all age 
groups [lo]. The reasons for these increases are not 
totally clear, but they may be due to the following 
factors: 
1. Total increase of the incidence of the infection due 
to the increase in environmental factors which favor 
it: greater incidence in children who are taken to 
day-care centers, younger age of the children at the 
beginning of such assistance, persistence in taking 
the children to day-care centers while episodes of 
the illness are taking place, thus multiplying the risks 
of contagion, inadequacies of the day-care centers, 
both in the number of children per classroom and 
in the suitability of the facilities; the decrease in 
breast-feeding in some societies, both in the number 
of children starting it and in the total breast-feeding 
time; 
2.  Increase in the public’s concern regarding AOM, 
which leads the parents to ask for a diagnostic 
confirmation or exclusion based on more or less 
specific symptoms; 
3. Improvement of diagnostic techniques: otoscopes 
equipped with better optics and lighting, tym- 
panonietry, acoustic reflectometry, etc. 
For the above mentioned reasons, the incidence of 
AOM can reach 24% [9], including the acute episodes 
and the follow-up visits in ambulatory practice. In the 
first Boston series [ l l ] ,  22.7% of the first-year visits 
were caused by otitis, and it was responsible for a third 
of all visits for sickness and three-quarters of the follow- 
up visits. In 5-10% of the healthy baby visits, otitis was 
one of the final diagnoses. Rasmussen’s [12] data on 
1306 Swedish children at age 3 demonstrated that 38%, 
10% and 4% had made at least one, three or five medical 
visits, respectively, because of AOM. By their seventh 
birthdays, 61%, 24%, 12% and 2% of these children had 
made at least one, three, five or 10 visits, respectively, 
to the physician because of AOM. A strong association 
was found between the number of visits made because 
of AOM during the first year of life and the probability 
of visiting a physician because of this disorder over 
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the next 12 months. Depending on different medical 
access in countries or communities, the diagnosis of 
AOM can be more frequent in the emergency services 
than in the pediatrician’s consulting room. The time 
response in attending ill children is also capable of 
conditioning the frequency of the diagnosis, given 
that sometimes the AOM can be a complication of 
either a viral or a primarily bacterial upper respiratory 
tract infection; the more time passing between the 
beginning of this primary illness and the medical 
consultation, the greater the probability of finding a 
secondary AOM [I 31. In our series of 1000 consecutive 
visits (the first 166 monthly visits per 6-month period 
in a private consulting room) (Table I ) ,  38% were due 
to infectious illnesses and, among these, 21.5% were 
otitis, this being the most frequent diagnosis in global 
terms of patients from 0 to 15 years, followed by 
pharyngitis-tonsillitis (19%), rhinitis, adenoiditis and 
the common cold (18%), and bronchitis and 
pneumonia (13%). During the same period and with 
the same seasonal distribution, in a series of 1000 visits 
by our own emergency service, 13% were AOM and 
71% infectious diseases (AOM was the diagnosis in 18% 
of these). According to Teele [ l l ] ,  children from 
private practice averaged fewer visits for all reasons than 
did children using a large neighborhood health center, 
but the proportion of visits accounted for by disease of 
the middle ear was similar in both settings. At the emer- 
gency service of a large public hospital in our city 
(unpublished data/Sant Joan de Deu Children’s Hos- 
pital), the 27 016 attending children in a 3- non nth 
winter period, 2242 (8.2%) were diagnosed as having 
AOM. In other European series [13,14], similar distri- 
butions were found in the incidence of otitis, 
rhinoadenoiditis, pharyngitis and tonsillitis. Other 
authors stress the fact that AOM is the most frequent 
infection requiring antibiotic treatment, since it seems 
to be demonstrated that viral infections greatly exceed 
bacterial upper respiratory tract infections in number. 
According to Turner [15] and Gruber [16], these viral 
Table 1 Diagnosis in 1000 ambulatory visits (Institut 
Dexeus 1994-personal series) 
Infectious Healthy Other 
Age diseases AOM controls pathology Total 
0-6m. 42 (20) 9 (4.2) 144 (68) 24 (12) 210 (21.0) 
13-24m. 112 (48) 24 (10.3) 80 (34) 40 (18) 232 (23.2) 
25-36111. 70 (45) 9 (5.7) 30 (19) 56 (36) 156 (15.6) 
3-6y. 78 (49) 21 (13.0) 40 (25) 40 (26) 158 (15.8) 
7-15y. 34 (30) 6 (5.3) 34 (30) 44 (40) 112 (11.2) 
Total 378 (38) 81 (8.1) 390 (39) 232 (23) 1.000 
7-12111. 42 (32) 12 (9.1) 62 (47) 28 (21) 132 (13.2) 
( ) Percentage of total visits 
upper respiratory tract infections (VURTI) are the most 
common infants’ illnesses, accounting for nearly 75% 
of the total. Children of pre- school age have 6-7 cases 
per year, but 15% will suffer at  least 12 infections per 
year, the vast inajority being benign and self-limited 
colds that go unrecognized in terms of their impact, 
because affected children are never evaluated by 
physicians and remain treated at home. 
The estimated attack rate of VURTI varies widely 
according to the type of surveillance for a given 
population and whether clinical or microbiological 
diagnostic methods are employed. Monto [17] demon- 
strated that, when all symptomatic patients suffering 
from VUKTI are cultured to virus, only the rhinovirus 
species can infect from 11% to 25% of the total patients. 
Some of these VURTIs can be complicated by middle 
ear infection; again, many of them will heal by 
themselves, give no specific symptoms and remain 
undiagnosed, while only a small number will coni- 
plicate or will be clearly symptomatic. Bacterial otitis 
would be, in any case, the most common complication 
of VURTI [ X I  and the most frequent diagnosis in 
children who visit the consulting room with disease. It 
is also clear that otitis and its sequelae are the first cause 
for surgery in children (adenoidectomy and eustachian 
tube ventilation devices) [9].  
INCIDENCE IN CONTROLLED POPULATIONS 
The number of AOM episodes gradually increases from 
birth until it reaches its maxinium between 6 and 12 
months of age, and is then seen to decrease followed by 
an increase between 4-5 years of age with a second 
peak, slightly less prominent [h]. The average number 
of episodes decreased from 1.2 per child during the first 
year to 0.4 per child on reaching the seventh year (Table 
2) [8,9]. In Teele’s series 62.4% of children had at least 
one episoide of otitis at  the end of the first year, and 
17.3% had at least three episodes. This percentage 
Table 2 AOM in 498 chddren in Greater Boston (from 
reference 6) 
Percentage of children 
experiencing no  episodcs 
Year of Mean (range) 
life No. of episodes 0 1 2 3 4 5 6 
1 1.2 (0-6) 38 31 14 I 0  5 2 <1 
3 0.7 (0-6) 59 24 10 3 2 1 < I  
4 0.8 (0-7) 
5 0.7 (0-6) 58 26 9 4 2 1 < I  
6 0.6 (0-5) 63 24 8 2 1 <1 0 
0.4 (0-5) 70 20 6 2 1 <1 0 
2 1.1 (0-6) 41 29 20 6 2 1 1 
58 23 11 4 3 1 < I  
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Table 3 Incidence of children with AOM in the first year 
of life 
HOST FACTORS 
First author 
Year of publication 
Teele, 1989 
Aniansson, 1994 
Kero, 1987 
Duncan, 1993 
Schwartz, 1990 
Pukander, 1982 
Ingvarson, 1983 
Lundgren, 1983 
Baraibar, 1994 
No. of eDisodes 
1 2 3 
62.0% - 17.3% 
21.0% 6.0% - 
34.5% - 9.7% 
64.0% 17.0% 
46.0% - - 
30.0% - - 
44.0% 17.3% 7.8% 
reached 83%, 91% and 93% at the third, fifth and 
seventh year, respectively. The Scandinavian series 
(Table 3) gave noticeably lower numbers compared to 
the above; according to Pukander [18] and Ingvarsson 
[19], about 30% of children had their first episode of 
AOM before the first birthday, and the maximum 
incidence occurred between the ages of 1 and 2 
(57.3%). Aniansson [20] prospectively analyzed 400 
Swedish children; within the first year, 21% had 
experienced at least one episode of AOM and only 6% 
two or more. Of  111 episodes of infection, 6% took 
place within the first 2 months, 32% between 2 and 7 
months, and 62% between 8 and 12 months. Kero [21] 
found one or more episodes of AOM in 34.5% in the 
first year, and three or more in only 9.7%. The average 
time for the first episode to occur was 8 months, and 
25% of children had their first episode of AOM during 
the first 6 months. Finally, of the 1013 American infants 
monitored by Duncan [22] during their entire first year 
of life, 476 (47%) had at least one episode of otitis 
media, and 169 (17%) had recurrent otitis media 
defined as three or more episodes of AOM in a 6- 
month period or four episodes in 12 months. In our 
follow-up series of 144 Spanish infants monitored 
during their first year, 44% suffered from one or more 
episodes of AOM, and only 7.6% three or more. From 
the group of children suffering from otitis, 8.7% had 
their first episode before their third month, 26.3% 
between 3 and 6 months, 33.3% between 6 and 9 
months, and 31.5% between 9 and 12 months. 
Most children have only occasional episodes of 
AOM, or none at all, but some are subject to recurrent 
or severe ear infections; those children named ‘otitis- 
prone’ are defined as those having had three or more 
episodes of AOM before their third year [6]. The risk 
features for recurrent middle ear infections which 
clearly modified its incidence and epidemiology are 
analyzed below. 
Sex predominance 
As with most infectious childhood diseases, AOM 
seems to occur significantly more often in males than 
in females. Different prospective series [21,23-251 
showed that the total number of episodes of AOM and 
the number of episodes of recurrent otitis me&a are 
indeed higher in male subjects, as well as the number 
of visits due to AOM and the number of performed 
niyringotomies and tympanocenteses [ 11. Teele [6] 
reported that 66% and 86% of males versus 53% and 
77% of females had had an episode of otitis within their 
first year and third year respectively, and male gender 
was significantly associated with an increased risk of 
having at least one episode of AOM and recurrent 
AOM in the period between the first and third years. 
According to Stenstrom’s data, 61% of the otitis-prone 
group were male children and 35% female, while other 
series (including ours) could find no sex differences 
[20,22]. The reasons for this sex predominance are not 
well known. The study of Matsuoka [26] is an attempt 
to describe the concentrations of three major 
inmunoglobulins and IgG2 in healthy children and 
‘otitis-prone’ children from 2 to 7 years of age, divided 
into 1-year interval age/sex categories. The main effect 
of otitis- proneness was statistically significant for IgG2 
and it was assumed that the low level of IgG2 was one 
of the causes of the AOM’s high frequency. Again, the 
main effect on the male gender was statistically 
significant for IgG2 levels, so the authors concluded that 
this male-dominant tendency could be associated with 
an insufficient IgG2 antibody production, or a delayed 
maturation of IgG2 in male subjects. Nonetheless, 
more studies will be needed in order to confirm such 
results. 
Ethnicity 
The marked ethnic differences in the frequency of 
AOM are well documented [7] although, to some 
authors [6],  it is not clear whether the ethnicity itself 
could be a factor which predisposes to otitis (or offers 
protection against it), or whether different ethnic 
groups have different access to medical care. There 
are other series where such differences are evident. 
Afro-American black children have less episodes 
of otitis, attributed to anatomic differences in the 
eustachian tube structure [27], whereas, on the con- 
trary, Inuits from Alaska and Canada, American Indian 
children (Apache) and Australian aborigines have a 
higher incidence, perhaps related to precociousness 
and type of their nose-pharynx colonization [28]. 
Caucasian children [9,19,23,29] have an intermediate 
frequency. 
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Birth order 
As a general rule, second-born children seem to be 
more prone to otitis than the first-born, presumably as 
a consequence of a greater and earlier exposure to 
respiratory infections delivered into the family by the 
other sibling. This is true even if the first-born does not 
have a history of acute or recurrent otitis. According to 
Wright’s data [9], race and birth order seem to have 
certain effects on  rates of otitis in children less than 2 
years old; in white subjects, there was a significant 
linear correlation between the incidence of otitis in the 
first and second child, which is particularly strong if the 
first child had frequent otitis. The same trends were 
present in black children, but because of the lower 
incidence they were not significant. These variations 
are attributable to both interfamilial and intrafamilial 
differences, with a lower variance between family 
members than between unrelated children. Frederick 
[30] and Kero [21] also find a greater incidence of otitis 
among children who have siblings. Kero gives an ‘odds 
ratio’ of 2.5 to compare three or more versus 0 tiblings, 
2.0 in 1-2 versus 0, and 1.3 in three or more versus 1-2 
siblings. Teele found, by means of a univariate analysis, 
that having a sibling was significantly associated with an 
increased risk for more than one episode of AOM, for 
recurrent AOM in the first year of life and for recurrent 
AOM in the third year of life. Whether this relationship 
has a genetic base or an environmental one is not 
clear, because sharing a room with a sibling was also 
significantly associated with one or more episodes of 
AOM and with having recurrent AOM during the first 
year of life. Finally, Teele finds no relationship with the 
total number of siblings. 
Early occurrence of infection 
AOM is mainly a disease of early infancy. Children who 
have only had a few episodes (less than three) before 
their third birthday are not prone to have any more 
problems with AOM. The child’s age when the first 
episode occurs seems to be among the most reliable 
predictors for recurrent AOM 16,181, in such a way that 
the more precocious it is, the more recurrence will be 
experienced, and the longer will be the period with 
middle ear effusion. Breast-fed babies who had their 
first AOM before the second month of life had an 
average of 3.5 months of bilateral effusion compared 
with 1.2 months for those who started later 1291; this 
would indicate that children who are liable to suffer 
from early infections are equally unable to clear middle 
ear effusion, thus remaining particularly liable to suffer 
from reinfections. Infections in early infancy mark an 
underlying disability; this ‘predisposition’ of the infant 
to AOM is probably caused by some features of the 
eustachian tube (ET) anatomy. The role of competence 
of the ET is dramatically illustrated by the incidence of 
otitis which occurs in patients with cleft palate or other 
less severe defects in the anatomy-cleft uvula [31], 
submucous cleft-or in the musculature which controls 
the ostia of the eustachian tube, which are normally 
closed except while yawning and swallowing 1321. 
The variations in child-to-child ET anatomy (shorter, 
wider, more horizontal), nasopharynx dimensions 1331 
and physiology (incomplete versus complete develop- 
ment of the musculature governing tensor veli palatini) 
could explain the otitis frequency differences. In the 
same way, cranial anatomy (cranial base relationships) 
could also play a role. 
During the first 6-12 months of life, the neonatal 
immune system passes through a transitory state, from 
the protection afforded by passively acquired maternal 
antibody to the independent generation of a fully 
capable humoral, cellular and niucosal immune system. 
Infections which have started more easily during 
these first months (most of all in children exposed to 
additional risk factors, such as being taken to day-care 
centers or coming into contact with older siblings with 
infections) could damage the mucosal histology and 
alter the E T  and the ciliary function, which would 
predispose to subsequent infections [9]. In 540 children 
who had experienced their first episode of AOM 
before the second year of life and had been observed 
for at least 24 months after this initial diagnosis [6], the 
age of the first AOM episode was inversely associated 
with the risk of having one or more, two or more and 
three or more additional diagnoses of AOM within the 
12 months after the first diagnosis (Table 4). 
Sibling history of severe or recurrent ear infections 
Children who have AOM or recurrent otitis media 
have a greater probability of having younger siblings 
with otitis than other children who never experienced 
it. Whether this fact has a genetic basis or an environ- 
mental one is a much discussed matter, and it is likely 
that both factors are linked. 
In the Boston study 161, a sibling history of 
recurrent AOM was among the strongest predictors of 
Table 4 Association of age at first episode of AOM and 
number of additional episodes of AOM during 24 months 
of observation, after first episode (from reference 6). 
Percentage experiencing 
additional episodes of AOM 
Age at 
first episode No. of children 0 1 2 
14 24 62 1-6 months 237 
7-1 2 months 163 25 32 43 
24 26 > 12 months 140 5 0 
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recurrent AOM, but no one has statistically associated 
sharing a room with a sibling with AOM. The classical 
data on Apache children would support the greater 
importance of the genetic factor (adopted Apache 
children had more episodes of AOM than did their 
non-Apache siblings and had a rate of illness similar to 
that of Apache children who remained within the 
reservation’s limits) [l]. The response to polysaccharide 
antigens identifies differences between children with 
recurrent AOM and controls in markers of genetic loci 
involved in immune response to pneumococcal poly- 
saccharides. Stenstrom [25] investigated the frequency 
of acute infectious disease and allergy in a group of 252 
otitis-prone children prospectively followed (from 2 to 
7 years), and compared them with a control group 
matched for age and sex. The otitis-prone children 
accounted for an average number of ambulatory visits 
of 38.8 versus 9.2 in the control group, had been 
hospitalized three or more times, had two to four 
times as many hagnoses of rhinopharyngitis, bacterial 
rhinitis, sinusitis and tonsillitis as controls, and also had 
significantly more diagnoses of bronchopulmonary, 
gastrointestinal and urinary tract infections. The number 
of children in the otitis-prone group with allergic 
diseases was twice that in the other group (37% versus 
17%). It was concluded that otitis-prone children are 
more liable to suffer from different acute infectious 
diseases, and that such liability has indeed a genetic 
basis. Teele [6] also found one of the strongest cor- 
relations between a sibling with a history of AOM and 
a greater risk for the following items: more than one 
otitis episode and more than three per year (odds ratio 
2.23 and 3.29) at age 3 (odds ratio: 3.9 versus 2.58), 
and more than three at age 7 (odds ratio: 2.79), always 
showing statistically significant differences. 
The importance of the age when the first episode 
occurs, sex, race and family bonds in children with 
severe and recurrent otitis media, suggests a genetically 
determined basis for predisposition to middle ear 
infections [2]. Nevertheless, external and environ- 
mental factors which may affect any children, geneti- 
cally prone or not, are increasingly important. 
ENVIRONMENTAL FACTORS 
Season 
O n  the one hand, and according to some authors [34], 
there is indeed a greater incidence of AOM during 
winter months which would correspond to that of the 
VURTI; on the other hand, some others do not find 
any statistically significant seasonality [6], either for the 
number of otitis episodes or recurrence, or regarding 
the duration of the effusion. It seems prudent to note 
that whenever this correlation exists (more in winter, 
spring and autumn), it is much less prominent than that 
of the VURTI [ 161. 
Socio-economic status 
The influence of socio-economic factors on the 
incidence of otitis is not clear from an epidemiologic 
viewpoint. It is evident that in the lower social classes 
there can be a greater incidence of chronic or relapsing 
infections of the upper respiratory tract; some of 
these infections will become complicated by middle ear 
infections because these people seldom go to the 
physician’s consulting room for light diseases. As viral 
and bacterial otitis has a high degree of spontaneous 
healing, many of those episodes may never be diag- 
nosed. The higher social classes, with a greater concern 
for prompt medical care, will go to the physician’s 
consulting room to resolve every episode of infection, 
and will reduce their risk of suffering AOM com- 
plicating VURTI. However, factors such as taking 
the children to day-care centers (something very 
common among all social classes) and the lengthening 
of the breast-feeding period (which is sometimes 
greater in the lower classes in Spain) may alter these 
results. 
In Teele’s series [6],  the socio-economic status was 
not significantly associated with increased incidence or 
recurrences of AOM. but it was in Sassen’s [35] and in 
Kero’s 1211. 
Smoke and air pollutants 
Smoke and air pollutants are linked to acute respiratory 
infections, particularly during the first 2 years of age 
[36-381; mothers who smoke double the risk [16]. In 
Owen’s work [39], an increasing rate of cigarette 
consumption per day at home is significantly associated 
with an increase in the amount of effusion time of 
the otitis media. Etzel [40] demonstrated that high 
concentrations of serum cotinine were associated with 
an increased incidence of AOM and increased duration 
of middle ear effusion after an acute episode. The 87 
children with a serum cotinine higher than 2.5 ng/mL, 
had a 38% higher rate of new episodes of otitis media 
with effusion (OME) during the first three years of life 
than those children with lower or unnoticeable serum 
cotinine concentrations (incidence density ratio 1.38). 
The availability of a biochemical marker such as serum 
(urinary and salivary) cotinine has allowed docu- 
mentation of passive exposure to tobacco smoke to 
become more reliable than that provided by the case 
history alone [I]. Teele [6] has also found that regular 
parental smoking was significantly associated with the 
risk of one or more episodes of AOM and with the 
duration of the middle ear e f h i o n  in the first year, yet 
not in subsequent years. It is estimated [40] that 8% of 
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OME cases and 17.6% of the days on which OME is 
suffered may be attributable to the exposure to tobacco 
smoke. 
Passive smoking of environmental pollutants is a 
well-known cause of structural and physiologic changes 
in the respiratory tree, capable of producing pulmonary 
dysfunction [41], upper and lower respiratory illness 
and death. Increased exposure to cooking fires multiplies 
by four the risk of catching respiratory illnesses and, 
perhaps, this would be more considered especially in 
developed countries or underdeveloped rural com- 
munities. It has been demonstrated that particles 
produced by indoor cooking with biomass fuels exceed 
by nearly 20 times those produced by two-pack-per- 
day smokers. To our knowledge, the effects of these 
environmental pollutants on the incidence of AOM in 
infancy has not yet been reported. 
Breast-feeding 
The effects of breast-feeding on the frequency and age 
of the first episode of otitis are well documented. Even 
though some studies have failed to demonstrate such an 
association, they were retrospective cohort studies or 
those involving a small population [42,43]. Duncan 
[22] and Hardy [23] demonstrated that infants ex- 
clusively breast-fed for 4 or more months had half the 
average number of AOM episodes than did those who 
were not breast-fed at  all, and 40% less than those 
infants whose diets were supplemented with other 
kinds of food before 4 months. The recurrent AOM 
rate in infants exclusively breast-fed for 6 months or 
more was 1 096, and 20% in those infants breast-fed for 
less than 4 months. This protection was independent of 
the recognized risk factors considered. Aniansson (201, 
in an elegant prospective study designed to achieve 
continued follow-up of 400 Swedish children, also 
demonstrated that the number of AOM episodes was 
lower in the breast-fed children in each age group. The 
age of the first AOM episode was inversely related to 
the duration of breast-feeding, and no episodes were 
detected in 24 children who had been breast-fed 
for more than 10 months when compared with 111 
accounted episodes in the remaining 376 children. 
The association between the duration of breast-feeding 
and decreased incidence and risk of recurrence of 
AOM has been documented by many other authors 
Furthermore, contrary to reports from some 
authors [44], Aniansson demonstrated that the fre- 
quency of VUKTI was significantly lower in breast-fed 
infants than in weaned ones in all age groups (1-3, 4-7, 
8-1 2 months): 23941, 13% and 4% versus 28%, 40% and 
53%, respectively. It is well known that VURTI often 
precedes AOM; human milk contains specific anti- 
121-23,391. 
bodies against respiratory tract viruses which could 
explain this protection. 
The frequency and promptness of onset of otitis 
have also been related to the habit of propping the 
bottle in bed [39,45]. The reflux with the introduction 
of respiratory flora into the middle ear space may be a 
particular problem if the infant is swallowing in the 
supine position, and even the suction of pacifiers, 
which are often used in bed when the infant is lying 
down, has been related recently [46] to increased risk 
of recurrent otitis media in children who are taken to 
day-care centers. However, Parddise [32] demonstrated 
that children with cleft palate, especially predisposed to 
reflux episodes, who take feeding bottles containing 
human milk had fewer days of middle ear effusion than 
infants fed through devices containing formula, and 
therefore the protection conferred by breast milk 
predominated over the deleterious effect of the feeding 
position. In the Boston series, Teele [6] found that 
breast-feeding for as short a period as 3 months strongly 
correlated with decreased risk for AOM during the 
entire first year of life, but he did not find inverse 
tendencies regarding a decreasing risk related to an 
increased time. Sassen [35], also studying the duration 
of the protection conferred by breast-feeding, noticed 
that the risk of AOM was significantly decreased until 
4 months after breast-feeding had been discontinued; 
then, without the protective effect of breast-feeding, 
and in some months, the children approached the risk 
level estimated for the group of children who were 
never breast-fed. Approximately 12 months afterwards 
the risk was virtually the same as if the child had 
never been breast-fed. The risk was also significantly 
dependent on the infant’s number of siblings and on the 
socio-economic status. Saarinen 1471 compared 
children exclusively breast-fed for 6 months or more 
with infants weaned before 2 months, and also found a 
relative risk of 3.3 for two or more episodes of AOM 
(6% versus 19%) and a relative risk of 4.3 for four or 
more episodes in children 12-36 months of age (6% 
versus 36%). 
It seems evident that breast-feeding does indeed 
protect against AOM, and such protection is not due 
to the feeding position, but to the addition of several 
biochemical, immunologic, physiologic and behavioral 
factors which interact in a way that is still not well 
understood [48]. This kind of protection could be 
particularly important in underdeveloped countries 
where the period of exclusive breast-feeding is usually 
longer. In Sudan’s children, Shaaban [49] has shown 
that the short duration of breast-feeding is a risk factor 
for otitis media: 83% of his patients experienced the 
first attack of AOM during infancy. Twenty-five per 
cent of children breast-fed for less than 6 months, 
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suffered AOM compared with only 10% for a control 
group, breast-fed for 13.7 months. 
Type of day care 
Inserting infants into large day-care groups clearly 
increases the incidence of respiratory infections in- 
cludmg otitis media, in comparison with those without 
siblings, or cared for at home [1,30]. This association 
was expected because family size and day-care contact 
are known to influence the acquisition of the naso- 
pharyngeal flora during the first year of life, and 
because bacterial carriage was found to be associated 
with an increased risk for AOM. Everybody is in 
agreement with the fact that taking care of babies in 
large day-care centers is one of the strongest factors 
associated with transmission and amplification of viral 
and bacterial infectious diseases (AOM included), 
especially if we consider that many children in our 
country neither stay home instead of going to the day- 
care center when they are ill, nor follow the exclusion 
criteria recommended by experts [50]. Although in the 
Boston series [6], and according to the authors, day- 
care assistance was not carefully evaluated, the study 
identified more episodes of otitis among the children 
who go to day-care centers than in those cared for at  
home. The Wald study [51] was in fact undertaken 
to compare prospectively the frequency, nature and 
severity of respiratory infections in 244 children 
enrolled at birth and supervised from the twelfth to the 
eighteenth month (with 159 children cared for at 
home, 40 in group care, and 45 in day-care centers). 
The groups were comparable with each other by sex, 
ethnicity, number of siblings and family history of 
allergy. Children cared for at home had an average of 
4.7 illnesses per year in contrast to 6.0 for children in 
group care and 7.1 for children in day-care centers. 
Like the number of episodes of severe disease the 
period of the illness duration was minimal in home- 
cared children, and maximal in the day-care group. 
Among the 2741 respiratory tract infections suffered 
by children in this cohort, 29% were complicated by 
otitis media and, during the child’s first 2 years, this 
proportion was significantly higher among children 
attending group care and center care than among 
children in home care. Moreover, myringotomy and 
tube placement for recurrent or persistent otitis media 
were performed in 21% of the children in center care 
versus 3% of children in home care. Many other authors 
[8,18,21,52,53] confirm the strong correlation between 
day care, acute viral respiratory infection and increased 
incidence of AOM. Data from Strangert’s study [54] 
demonstrate that 58% of the children whose age takes 
in the 6-11-month period, 41% of those between 12 
and 17 months and 21% of those between 18 and 23 
months received antibiotic treatment for one or more 
episodes of AOM during the 9 months it lasted. In 
comparing the types of child care, he observed that 37% 
of day-cared children experienced AOM (2.2 AOM 
episodes per child), vs. 43% in the family group-cared 
(2.0 AOM episodes per child) and 23% in the home- 
cared group (1.3 AOM episodes per child). The annual 
rates of otitis media were 1.2, 1.3 and 0.5 respectively. 
Stahlberg [55], in 257 Finnish children, and Reves 
[56] also found annual rates of2.3, 0.9 and 1.1, and 6.0, 
1.6 and 1.6 respectively. In the last study, the relative 
risk of a visit to the physician for a new episode of 
upper respiratory tract infection, and for otitis media 
in children in day care versus home care, was 2.7 and 
3.8 respectively. The percentage of children receiving 
antibiotics was 35.7% in day care and 8.2% in home 
care, and the number of days with antibiotic was also 
greater in the day-care group. Hardy [23] reported that 
17% of the children younger than 6 years had had 
repeated ear infections in the year preceding their 
study; the factors significantly associated with repeated 
ear infections were age (1-2 years), ethnicity (white), 
sex (male) and a medical case history of repeated ton- 
sillitis, enlarged adenoids or asthma. When these factors 
were controlled, children in current child care arrange- 
ments (settings with more than s i x  children) still had a 
50% higher chance of repeated ear infections than 
children cared for at home. 
Collet [57] performed a prospective cohort study 
comparing the risk of recurrent infections in 1242 
children attending: (a) family day care (three children 
or less), (b) small day care (10-20 children), and (c) 
large day-care centers (40 children or more), during an 
8.5-month period of supervision. Compared with (a), 
(b) presented a higher risk for: six or more total 
infectious episodes (odds ratio: 2.6), five or more upper 
respiratory tract infections (odds ratio: 2.2), two or 
more episodes of otitis media (odds ratio: 2.6), two 
or more episodes of conjunctivitis (odds ratio: 2.1) 
and two or more episodes of croup (odds ratio: 4.1). 
The risk of (c) was surprisingly intermediate between 
(b) and (a). Finally, two of the most important 
epidemiologic studies performed to demonstrate the 
strong association between otitis and day-care assistance 
have been carried out in northern Europe. Tos [58] 
performed tympanometry on 80% of the 2-year-old 
children living in Copenhagen and born during the 
first half of each month over the year: approximately 
50% of the children were found to have an abnormal 
tympanogram at any given time during the study. 
Children attending day care were twice as likely to 
have tympanometric evidence of otitis media. Fiellau- 
Nikolajsen [59] obtained the same results in 96% of the 
3-year-olds in the Danish community. 
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Other factors 
Some other factors have also been associated with an 
increased incidence of acute otitis media [60,61]: 
1. The ‘bad-responding’ children, who suffer anti- 
biotic failures despite adequate antibiotic treatment 
selected according to cultures; these children are 
usually the youngest (10.6 months versus 18.5 
months) affected. 
2. Children with recurrent viral infections. 
3. Children who initiate illnesses in winter months, 
specially when they are, at that moment, their 
period of lesser immunologic competence (6-12 
months old). The risk probabilities can increase if 
there are other associated factors, like beginning the 
day-care center assistance, having not been breast- 
fed or having a sibling with recurrent AOM or 
VURTI. 
4. Careless parents who fail to administer the antibiotic 
treatment, or to provide or follow an adequate 
medical control. 
5. The child’s own asthma, eczema or allergy [42,43]. 
6. Prematurity [2 11. 
The factors not consistently associated with in- 
creased incidence of AOM are birth weight and sibling 
or parental history of asthma, eczema or allergy. 
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